age, coronary reperfusion, maximum creatine kinase concentrations, pulmonary congestion, pulmonary capillary wedge pressure, cardiac index, and left ventricular ejection fraction were all significantly related to mortality. Among the noninvasive variables, only plasma adrenomedullin was an independent predictor of mortality after myocardial infarction (p < 0.05). The Kaplan-Meier survival curves based on the median plasma adrenomedullin concentration (10.3 pmol/l) showed that patients with high plasma adrenomedullin had a higher mortality than those with low plasma adrenomedullin (p < 0.01). Conclusions-Plasma adrenomedullin on day 2 after myocardial infarction is strongly associated with long term mortality, and thus may complement standard prognostic indicators. (Heart 1999;81:483-487) 
Adrenomedullin is a potent hypotensive peptide that has recently been isolated from human phaeochromocytoma. 1 The peptide consists of 52 amino acids with an intramolecular disulphide bond, sharing slight homology with calcitonin gene related peptide and amylin.
Immunoreactive adrenomedullin has been detected in human plasma, and human adrenomedullin messenger RNA has been reported to be highly expressed not only in the phaeochromocytoma, but also in the adrenal medulla, kidney, lung, peripheral vascular bed, and the cardiac ventricles. 2 Several studies have shown that the plasma adrenomedullin concentrations are increased in patients with hypertension or renal failure. 3 With its potent vasodilator, 1 4 natriuretic, and diuretic eVects, 5 6 adrenomedullin may be involved in the regulation of body fluid and thus in cardiovascular homeostasis.
Recently, we and others have shown that plasma adrenomedullin concentrations are increased in patients with heart failure in proportion to clinical severity, 7 8 and that plasma adrenomedullin is increased at an early stage of acute myocardial infarction. 9 10 Both the failing ventricle and the disordered peripheral vascular bed have been shown to be responsible for the high plasma adrenomedullin in patients with heart failure. 11 12 These findings raise the possibility that high plasma adrenomedullin concentrations in an early phase of myocardial infarction are related to left ventricular dysfunction, and thus may be associated with long term mortality in patients with myocardial infarction. Indeed, Richards et al have shown that plasma adrenomedullin on days 2 to 4 after myocardial infarction is related to mortality, but they found it a less sensitive indicator than N-terminal pro-brain natriuretic peptide. 13 However, plasma adrenomedullin concentrations are reported to reach a peak on days 1 to 2 after myocardial infarction, earlier than measured by Richards, and to decrease rapidly thereafter. 9 10 Thus it is still unclear whether plasma adrenomedullin measured in the acute phase after myocardial infarction is a good indicator of mortality.
In the present study, we investigated whether prognosis after myocardial infarction can be predicted by measuring plasma adrenomedullin concentrations on day 2 after the infarct.
Methods

STUDY PATIENTS
The study subjects were 113 consecutive patients who underwent coronary angiography within 24 hours of the onset of myocardial infarction from October 1994 to August 1996 (86 men and 27 women, mean age 62 years, range 30 to 85). The diagnosis of myocardial infarction was based on the following criteria: chest pain > 30 minutes in duration; ST segment elevation > 0.1 mV in two or more ECG leads in the same vascular territory; and subsequent rise in creatine kinase by more than twofold the upper limit of the normal range. We excluded patients with renal failure on admission (serum creatinine > 133 µmol/l).
Anterior myocardial infarction occurred in 61 patients, inferior myocardial infarction in 36, and posterolateral myocardial infarction in 16. This was confirmed by ECG, echocardiography, and coronary angiography. Coronary reperfusion was achieved in 97 patients (55 by coronary angioplasty, 19 by intracoronary thrombolysis, and 23 with spontaneous reperfusion). Thirty healthy subjects (16 men and 14 women, mean age 58 years, range 50 to 69) served as a control group. All subjects provided informed consent.
BLOOD SAMPLING AND ASSAY FOR PLASMA ADRENOMEDULLIN Blood samples were taken from the antecubital vein in the supine position on day 2 in all patients. The blood was immediately transferred into chilled glass tube containing disodium EDTA (1 mg/ml) and aprotinin (500 U/ml) and centrifuged immediately at 4°C. The plasma samples were frozen and stored at −80°C, and were then extracted before radioimmunoassay. Briefly, Sep-Pak C18 cartridges (Millipore-Waters, Milford, Massachusetts, USA) were preconditioned with 5 ml each of chloroform, methanol, 50% acetonitrile containing 0.1% trifluoroacetic acid (TFA), 0.1% TFA, and saline. Plasma (2 ml) was acidified with 24 µl of 1 N HCl, diluted with 2 ml saline, and then loaded onto a Sep-Pak C18 cartridge. After the column was washed with 5 ml each of saline, 0.1% TFA, and 20% acetonitrile containing 0.1% TFA, the absorbed materials were eluted with 4 ml of 50% acetonitrile containing 0.1% TFA. The eluate was then freeze dried. The freeze dried material was dissolved in radioimmunoassay buVer and the clear solution was radioimmunoassayed. The radioimmunoassay for adrenomedullin has been reported previously. 14 
MEASUREMENTS OF HAEMODYNAMICS AND CARDIAC FUNCTION
Immediately after admission and on day 2 after myocardial infarction, pulmonary capillary wedge pressure, mean right atrial pressure, mean pulmonary arterial pressure, and cardiac index were measured using a thermodilution catheter in 108 patients. Left ventricular ejection fraction on admission was calculated by left ventriculography (n = 101) or echocardiography (n = 12). 15 16 Clinical characteristics, haemodynamic variables, and cardiac function of the patients, grouped into "low" and "high" plasma adrenomedullin around the mean concentration of 10.3 pmol/l, are summarised in table 1.
SURVIVAL ANALYSIS
Survival was estimated from the onset of myocardial infarction to 20 January 1998, or the death of the patient. Patients who died of noncardiac causes were judged at the same time points.
STATISTICAL ANALYSIS
Numerical values were expressed as mean (SD). Study patients were divided into two groups according to the median adrenomedullin value. Comparisons of variables between the two groups were made by Fisher's exact test or the unpaired Student's t test. Comparisons of plasma adrenomedullin concentrations among the groups were made using the one way analysis of variance followed by the Scheffe's multiple comparison test. The prognostic value of each variable was tested by a univariate Cox proportional hazards regression analysis. By a multivariate model, the prognostic power of plasma adrenomedullin was compared with that of each non-invasive variable. Survival curves were derived using the Kaplan-Meier method and were compared using log-rank tests. Receiver operating characteristics were generated from multiple sensitivity/specificity pairs. A p value of < 0.05 was considered statistically significant.
Results
The mean follow up period was 25 (10) months (range two days to 39 months). Sixteen patients (14%) died of cardiovascular causes during the follow up period-progressive heart failure in nine, sudden cardiac death in five, and recurrence of myocardial infarction in two. Two patients died of non-cardiovascular causes (lung cancer and renal failure). No patient defaulted from the follow up. (table 2) . By multivariate analysis, among the non-invasive variables only plasma adrenomedullin was an independent predictor of mortality after myocardial infarction (table 3) .
KAPLAN-MEIER LIFETIME ANALYSIS
Kaplan-Meier survival curves related to the median plasma adrenomedullin value (10.3 pmol/l) showed that patients with high plasma adrenomedullin had a significantly lower survival rate than those with low plasma adrenomedullin (log-rank test, p < 0.01, fig 3) .
RECEIVER OPERATING CHARACTERISTICS
We examined the sensitivity and specificity of plasma adrenomedullin on day 2, and left ventricular ejection fraction on admission, for predicting mortality. Receiver operating characteristics showed that the prognostic value of plasma adrenomedullin on day 2 was comparable to that of left ventricular ejection fraction on admission (fig 4) . Furthermore, in a subsample of 34 patients with a left ventricular ejection fraction below 40%, which has been shown to be strongly associated with a poor prognosis, 17 plasma adrenomedullin concentrations on day 2 were significantly higher in non-survivors (n = 12) than in survivors (n = 22), whereas left ventricular ejection fraction did not diVer significantly between the two groups (table 4).
Discussion
We showed that plasma adrenomedullin concentrations on day 2 were markedly increased in patients with heart failure (Killip class II or more) after myocardial infarction and were negatively correlated with left ventricular ejection fraction; that among the non-invasive variables, only plasma adrenomedullin was an independent predictor of mortality by multivariate analysis; and that, using Kaplan-Meier survival curves, patients with plasma adrenomedullin values above the median had a significantly greater mortality than those with values below the median.
Earlier studies have shown that adrenomedullin is produced mainly by endothelial cells and by vascular smooth muscle cells regulating vascular tone. 1 4 18-20 More recently, the failing ventricle has also been shown to secrete adrenomedullin into plasma. 11 12 Adrenomedullin synthesis is promoted in vitro by a variety of cytokines, such as interleukin-1 and tumour necrosis factor , 18 19 both of which increase in parallel with myocardial tissue damage after myocardial infarction. 21 22 These findings raise the possibility that both the failing ventricle and the disordered peripheral vascular bed contribute to the increased plasma adrenomedullin in patients with myocardial infarction, and that high plasma adrenomedullin concentrations are related to severe left ventricular dysfunction. In our present study, a high plasma adrenomedullin was strongly associated with congestive heart failure complicating myocardial infarction. In addition, plasma adrenomedullin concentrations after myocardial infarction showed a significant negative correlation with left ventricular ejection fraction. These results are consistent with previous reports. 7 9 Richards et al have shown very recently that plasma adrenomedullin on days 2 to 4 after myocardial infarction is related to mortality, but they found the prognostic value of adrenomedullin to be inferior to that of N-terminal pro-brain natriuretic peptide. 13 It remains unclear, however, whether plasma adrenomedullin measured at an earlier point after myocardial infarction is related to mortality. In the present study, we examined the prognostic value of plasma adrenomedullin on day 2, because plasma adrenomedullin concentrations have been shown to reach their peak on days 1 to 2 after myocardial infarction. 9 10 Using a multivariate Cox proportional hazards regression analysis, we showed that the plasma adrenomedullin concentration on day 2 was indeed an independent predictor of the mortality among other non-invasive variables.
In a large scale randomised study it was found that left ventricular ejection fraction was an independent predictor of mortality. 17 In our study we also showed, in a univariate analysis, that left ventricular ejection fraction was related to mortality. We then examined the sensitivity and specificity of various cut oV values of plasma adrenomedullin and compared them with left ventricular ejection fraction for predicting mortality. A receiver operating characteristic curve showed that the prognostic value of plasma adrenomedullin on day 2 was comparable to that of left ventricular ejection fraction on admission. In a subsample of patients with severe left ventricular dysfunction associated with the likelihood of a poor outcome, plasma adrenomedullin on day 2 was markedly higher in non-survivors than in survivors, whereas left ventricular ejection fraction did not diVer significantly between the two groups. These results suggest that plasma adrenomedullin concentrations on day 2 after myocardial infarction may complement left ventricular ejection fraction as a prognostic indicator, particularly in patients with a low ejection fraction.
STUDY LIMITATIONS
First, patients with renal failure were excluded from this study because a marked rise in plasma adrenomedullin occurs under these circumstances. 3 Thus we do not know whether plasma adrenomedullin can also predict survival in such patients. Second, sampling at diVerent times after myocardial infarction may alter the prognostic value of the test, and we did not assess this in the present study. Nevertheless, earlier studies suggested that sampling on day 2 was most likely to catch the peak value of adrenomedullin after myocardial infarction. 9 10 CONCLUSIONS Plasma adrenomedullin concentrations on day 2 after myocardial infarction are strongly associated with long term mortality, and thus may complement standard prognostic indicators.
